Objective: The objective of this study was to evaluate gender differences in the selection, procedure, and outcome of endovascular abdominal aortic aneurysm repair (EVAR). Patients: Between October 1996 and January 2001, 378 patients were evaluated for EVAR and 189 patients underwent EVAR with the Medtronic AneuRx stent graft at a single center. Results: Women constituted 17% of patients considered for EVAR. Their eligibility rate (49%) did not differ significantly from that of men (57%), and they constituted 14% of patients who underwent EVAR (26/189). Women who underwent EVAR were older (77.9 ؎ 6.3 years versus 73.1 ؎ 8.1 years; P < .005) with a higher rate of chronic obstructive lung disease (50% versus 28%; P < .05). Maximal aneurysm diameter (57.2 ؎ 10.9 mm versus 57.8 ؎ 9.4 mm; not significant) did not differ between men and women. Mean diameters of the proximal neck (20.4 ؎ 2.3 mm versus 22.3 ؎ 2.0 mm; P < .01), common iliac arteries (11.4 ؎ 1.2 mm versus 13.5 ؎ 3.6 mm; P < .001), and external iliac arteries (7.9 ؎ 0.7 mm versus 9.4 ؎ 1.4 mm; P < .001) were all smaller in women, and abdominal aortic aneurysm/neck diameter ratio was larger (2.82 ؎ 0.59 versus 2.60 ؎ 0.49; P < .05). The length of the proximal aortic neck was shorter in women (20.7 ؎ 8.2 mm versus 24.5 ؎ 11.8 mm; P < .05). Women had significantly more intraoperative complications (31% versus 13%; P < .05), primarily related to arterial access, and needed more frequent arterial reconstruction (42% versus 21%; P < .05), without a difference in postoperative mortality rate (0/26 versus 2/163; not significant) and complication rate (23% versus 20%: not significant). During a follow-up period of 13.8 ؎ 11.7 months, no gender-related difference was found in survival rate, endoleak rate, or reintervention rate or in the rate of change in aneurysm diameter or volume. Abdominal aortic aneurysms (AAAs) occur five to six times more commonly in men than in women.
Abdominal aortic aneurysms (AAAs) occur five to six times more commonly in men than in women. [1] [2] [3] Consequently, many series of patients with abdominal aneurysm, including US Food and Drug Administration-sponsored clinical trials of endovascular aneurysm repair (EVAR), include a relatively small, and occasionally inconclusive, number of women. In general, women are known to have a smaller aorta and smaller arteries. [4] [5] [6] The great reliance of EVAR on appropriate arterial access, attachment site diameter, and aneurysm morphology has placed great importance on the definition of gender differences in this regard. Attention has also recently focused on aneurysms in women by the United Kingdom small aneurysm study, which showed an increased risk of rupture in small AAAs (4.0 to 5.5 cm) in women. 7 Our aim was to study gender differences in the treatment of AAAs as they relate to the selection process for endovascular repair, the endovascular procedure, and its outcome.
PATIENTS AND METHODS
We reviewed all patients who were considered for EVAR at Stanford University Hospital from October 1996 until January 2001. The selection process for EVAR has been described previously. 8 In short, all patients who were considered for endovascular repair were presented to a panel of vascular surgeons and radiologists who reviewed the clinical data and vascular morphology and decided on appropriateness of endovascular repair. Decisions usually were made on the basis of helical computed tomography (CT), and if a conclusion could not be reached, further tests were requested. The criteria for endovascular repair included a proximal aortic neck 26 mm in diameter or less and 10 mm or more in length and a common iliac artery with a diameter of 15 mm or less. For eligibility decisions, tortuousity was evaluated in a qualitative fashion. Patients whose conditions were considered unsuitable and were at acceptable surgical risk were referred for open repair. The reason for disqualification was recorded in 80% of the cases.
For purposes of recording comorbidity, heart disease was defined as a diagnosis of coronary artery disease or congestive heart failure. Underlying medical illnesses were counted if they had been previously diagnosed and necessitated medical treatment.
Preoperative measurements were made manually on CT angiogram cross sections. These included diameter of the proximal neck, maximal aneurysm diameter, diameter of the common iliac arteries, and renal-to-aortic bifurcation length. In addition, three-dimensional reconstructions were performed on all CT angiograms obtained at Stanford according to a previously described protocol. 9 Three-dimensional measurements included aneurysm volume and renal-to-hypogastric length along the median luminal centerline. Tortuosity was assessed by two experienced surgeons and was graded (1 to 5) for the entire aortoiliac segment and separately for the neck, as described previously. 10 In a previously reported subgroup, tortuosity also was assessed with three-dimensional computer-based methods. 10 EVAR was performed with the bifurcated Medtronic AneuRx stent graft (Santa Rosa, Calif). Postoperative imaging included CT angiograms after 1 month, 6 months, and 12 months and annually thereafter. CT scan before discharge was obtained on a selective basis. Patients underwent abdominal x-ray at the same time points and were evaluated in the clinic. The follow-up rate was 100%. Indications for reintervention consisted of endoleaks thought to originate in the graft (type 1 or 3), endoleaks associated with an increase in size, and significant migration and limb occlusion.
Statistical analysis included the t test, 2 analysis, and Kaplan-Meier survival analysis with log-rank comparison of survival curves. A P value of less than .05 was considered significant.
RESULTS

Selection process
During a period of 52 months, 378 patients were considered for EVAR, of which women constituted 17% (Table I) . Of those considered, 8% of the patients (five women and 27 men) did not complete the evaluation for a variety of reasons, including patient preference, rupture or acute symptoms, unrelated disease, and unrecorded. The eligibility rate of women (49%) was lower than the eligibility rate of men (57%), although the difference was not statistically significant. An inadequate infrarenal neck (length, Ͻ10 mm; diameter, Ͼ26 mm; or excessive tortuosity) was more commonly the primary reason for disqualification in women (73%; 22/30) than in men (51%; 62/ 122; P Ͻ .05). Shortness of the neck was the most common reason for neck inadequacy in both genders (Ͼ70%).
Endovascular aneurysm repair
Demographics. Women who underwent EVAR were older (77.9 Ϯ 6.3 years versus 73.1 Ϯ 8.1 years; P Ͻ .005) and had a higher rate of chronic obstructive pulmonary disease (50%; 13/26; versus 28%; 45/163; P Ͻ .05). No significant difference was found in the rate of underlying heart disease (in women, 50%; 13/26; versus in men, 61%; 99/163) and in the number of underlying medical illnesses (2.4 versus 2.7).
Anatomic features. Maximal aneurysm diameter and aneurysm volume did not differ significantly between men and women (Table II) . Mean diameters of the proximal neck and common and external iliac arteries were all smaller in women (P Ͻ .001), and aneurysm/aortic neck ratio was significantly larger (P Ͻ .05). Length of the proximal aortic neck was significantly shorter in women (P Ͻ .05), as was manually measured renal-aortic bifurcation length (P Ͻ .05). Median luminal centerline-based distance from renal arteries to hypogastric origin was shorter in women, but because of the large variation, the difference was not significant. Aortoiliac tortuosity, as measured with observer grading and with computer-based three-dimensional methods, did not differ significantly between men and women. Procedure. No difference was found in fluoroscopy time and amount of injected intravenous contrast medium (Table III) . Women had significantly fewer extender cuffs implanted (P Ͻ .001). They had significantly more intraoperative complications, of which half (4/8) were related to access difficulties (external iliac artery avulsion, n ϭ 3; and immediate iliac occlusion, n ϭ 1), and in men, these events occurred only once each (9% of complications). Women needed more frequent arterial reconstruction. However, no difference was seen in postoperative mortality rate or postoperative complication rate between men and women.
Follow-up. During the follow-up period, three women (12%) and 24 men (15%) died (Table IV) . KaplanMeier survival analysis showed no significant difference (log-rank method) in long-term survival rate between men and women. Two women (8%) and 29 men (18%) underwent reintervention (not significant) without a difference in intervention-free survival rate. Endoleak at any time beyond discharge occurred in five women (19%; two type 1) and in 38 men (23%; 11 type 1 or 3; not significant) and did not differ significantly at any of the time points. No genderrelated difference was seen in the rate of change in aneurysm diameter or in aneurysm volume during follow-up.
DISCUSSION
We report here that the eligibility rate of women with infrarenal aneurysms was lower but not significantly different from that of men. Carpenter et al 11 recently found a larger difference between men and women; however, this difference was mostly a result of the much higher eligibility rate for men (70% versus 57%) rather than the small difference in the eligibility rate for women (44% versus 49%). The most important determinant of eligibility in women is the aneurysm neck. We have found that an innapropriate neck was significantly more common in women as the primary reason for disqualification for EVAR, and a similar observation was also made by other investigators. 11 Furthermore, in women who did undergo EVAR, the length of the infrarenal neck was significantly shorter than in men, as has also been noted in the multicenter AneuRx trial and by others. 12, 13 These findings may represent a greater tendency in women towards juxtarenal and suprarenal aortic aneurysmal dilatation. Indeed, previous reports have shown a greater incidence rate of suprarenal aneurysmal involvement in women, although evidence to the contrary has also been reported. 14, 15 Also, the proportion of women in series of thoracoabdominal and descending thoracic aneurysms is twice that of their proportion in infrarenal AAA, with a women:men ratio of 2:1. 16, 17 At Stanford University Hospital, although women constituted 20% (54/267) of all open infrarenal abdominal aneurysm repairs undertaken during the period of this study, they constituted a significantly larger percentage (32%; 32/100; P Ͻ .05) of juxtarenal and suprarenal open aneurysm repairs. As a result of the previous consideration, women are somewhat less likely to undergo EVAR. They constituted a lower proportion of patients who underwent EVAR (14%) compared with those who underwent open aneurysm repair (20%), but not by a factor of 2.5, as reported by Sanchez et al. 18 The most important difference between men and women was the smaller diameter of aortoiliac and access (external iliac and common femoral) arteries. We have shown here that the diameter of the aortic neck is smaller in women, as was shown in the multicenter study as well. 16 This is in contradiction to the wider aortic neck in women reported by the Ancure and Talent group. 17 Aneurysm size was not different between men and women, so that AAA/ neck diameter ratio was significantly larger in women. This may be one of the reasons why, for the same size, aneurysms in women are more prone to rupture. 7 AAA size has not traditionally been corrected for native vessel size or gender, and these observations may present an argument in its favor.
The smaller diameter of access arteries in women poses a challenge for EVAR. In our experience, small diameter of the external iliac artery has not been a common contraindication for EVAR (Ͻ8%), and methods such as retroperitoneal access to the common iliac artery, sheathless insertion of the stent graft, and in cases of a unilateral difficulty in access, insertion of an aortouniiliac stent graft with a femoral-femoral bypass exist. Nonetheless, the intraoperative complication rate in women is higher and appears to be primarily related to smaller access arteries. Other investigators have made similar observations, including a higher rate of aborted procedures in women. 13, 18, 19 On the other hand, we have not found a difference in measures of overall procedure complexity, such as fluoroscopy time and quantity of intravenous contrast agent.
In spite of greater difficulty during the access stage of the procedure, and even though women are older, they fare just as well as men after the procedure. After open repair of intact abdominal aneurysms, previous investigators have had contradictory findings, with some reporting a higher postoperative mortality rate 2, 20 and others reporting essentially identical results. 3, 21 After EVAR, the postoperative course of women in two smaller series did not differ significantly from that of men. 13, 18 Indeed, in this series, no woman died after surgery, and the complication rate was not different from that of men.
We found no difference during long-term follow-up between women and men. After open repair, a lower relative long-term survival rate for women has been found in a population-based study, and other reports found no difference in crude long-term survival rate. 2, 22 After EVAR, no difference in long-term survival rate was found in the multicenter study. 12 A higher endoleak rate in women has been reported by the Eurostar group, although the reason for this is unclear. 23 We have found no difference in the rate of endoleaks or reinterventions and overall survival rate, and intervention-free survival rates were not different between men and women.
The patients reported in this experience were all treated with the same endovascular stent graft. Thus, generalization of these results to endovascular repair with other devices may not be appropriate because different stent graft systems have different physical characteristics and different deployment systems. This may result in differences in patient selection, deployment, fixation, and long-term stability. Clinical reports with multiple different endovascular devices may obscure observations pertinent to each individual device system. Here we have made observations about the AneuRx stent graft, which are clearly applicable to the use of this device. Our findings will have to be tested and compared with the characteristics of other devices.
In conclusion, women with infrarenal aneurysms are older and have a shorter mean neck length, but their eligibility rate for EVAR with the AneuRx stent graft does not differ significantly from that of men. The rate of intraoperative complications and arterial reconstructions is higher in women, primarily because of smaller access arteries. However, short-term and long-term outcome is equivalent to that of men.
